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Abstract. Planetary waves in the total ozone at the southern
latitude of 65◦ S are studied to obtain the main characteristics
of the zonal wave numbers 1–5. The TOMS total ozone data
were used to analyze the amplitude and periodicity variations
of the ﬁve spectral components during August−December of
1979–2003. A presence of the shorter period of waves 1–3
in 1996 (7 days) in comparison with 2002 (8–12 days) is re-
vealed which can be attributed to the distinction in conditions
of typical and anomalously weak stratospheric polar vortex,
probably, a strong and weak mean zonal wind. The inter-
annual variations of the monthly and 5-month mean ampli-
tudes of the zonal wave numbers 1–5 are described. Wave 1
has the largest amplitude in October (up to 139 DU in 2000)
and increasing amplitude trend (15 DU/decade for October
1979–2003). The 5-month mean amplitudes averaged over
1979–2003 are 53.6, 29.9, 15.5, 10.5, and 7.8 DU for the
wave number sequence 1, 2, 3, 4 and 5, respectively. For
the stationary components the amplitudes are 38.3, 4.8, 1.8,
1.2, 0.7 DU, respectively. Thus, the stationary component of
wave 1 and the traveling one of waves 2–5 are predominant.
The tendencies in a long-term change in the wave number
amplitude can be explained by taking into account the degree
of wave deformation of the stratospheric polar vortex edge,
net meridional displacements of the lower stratosphere air,
and the difference between the total ozone loss and negative
trends in the polar and mid-latitude regions.
Keywords. General circulation – Middle atmosphere dy-
namics – Waves and tides
1 Introduction
Planetary waves in the stratosphere inﬂuence the meridional
and zonal circulation and affect the spatial distribution and
time variations of the total ozone. Since 1979 the highly dy-
namic wave processes in total ozone have been studied by the
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satellite data obtained from the Total Ozone Mapping Spec-
trometer (TOMS). It was found that during Antarctic winter-
spring the zonal wave number 1 is the most important in for-
mation of quasi-stationary ozone distribution (Wirth, 1993).
High interannual variability of planetary waves in the strato-
sphereoftheSouthernHemispherehasbeenestablished(Hio
and Hirota, 2002; Vargin, 2003; Hio and Yoden, 2004). The
higher zonal wave numbers are observed predominantly as
traveling structures in ozone and other stratospheric param-
eters (Fishbein et al., 1993; Hio and Yoden, 2004). The pe-
riods of ozone variations are registered in the range of 4–30
days (Fishbein et al., 1993; Vargin, 2003).
Large variability of total ozone on these time scales
is connected with the dynamical atmospheric processes.
Ozone is concentrated in the lower stratosphere at altitudes
of 10–20km, where the photochemical lifetime of ozone
is several weeks and its distribution is controlled by dy-
namical inﬂuences (Salby, 1996). The origin of the total
ozone ﬂuctuations was investigated in detail by Salby and
Callaghan (1993). It was shown that a large component of
total ozone variability is explained by a quasi-columnar mo-
tion of air in the lower stratosphere. Planetary waves make
the dominant contribution to this variability, because they in-
duce large meridional excursions of air.
The aim of this work is to analyze of the total ozone
variations in the vortex edge region of the Southern Hemi-
sphere as a consequence of the meridional displacement of
the stratospheric air due to vortex edge deformation by the
planetary waves. Statistical analysis of the mean monthly
amplitude of the zonal wave numbers 1–5 at the latitude cir-
cle of 65◦ S is carried out using the TOMS total ozone data
for August−December of 1979–2003.
2 Analysis method
We analyze the longitudinal distribution of the total ozone
along the 65.5◦ S latitude circle based on the TOMS Ver-
sion 7 data (TOMS, 2004). This latitude is the closest to the1566 A. Grytsai et al.: Planetary waves in total ozone
Fig. 1. The distribution of the TOMS total ozone values along
65◦ S, 15 October 1996 (a), the spectral components of the wave
numbers 1–5 (b) and comparison of the observed and the restored
distributions (c).
location of the Ukrainian Antarctic station Akademik Ver-
nadsky. The ﬁrst results concerning the variations of plan-
etary waves in total ozone at this latitude were obtained in
Grytsai et al. (2005). For 1979–2003 the time interval of
August-December covering the Antarctic late winter, spring
and early summer was considered. The years of 1994 and
1995 are excluded because of the gaps in the satellite ozone
data.
Expansion in series of the longitudinal distribution of the
total ozone values f(λ) for the zonal wave number m is:
f (λ) =
∞ X
m=−∞
ameimλ, (1)
where λ is the longitude and the coefﬁcient am is
am =
1
2π
π Z
−π
f (λ)e−imλdλ. (2)
Figure 1 shows the example of the analysis made using
Eqs. (1) and (2) to the TOMS distribution of the total ozone
values at 65◦ S. The standard deviation between the observed
distribution (a) and restored one based on the wave numbers
1–5 (b) is 6.9 DU or 2.5% in this example and is typically
7–11 DU that can be attributed to the wave numbers higher
than 5.
To describe the main properties of the zonal wave num-
bers in each of the years quantitatively, the average ampli-
tudes were calculated. First, the daily amplitude modules
were averaged to obtain the amplitude Amgen, which charac-
terizes the general wave event both in a stationary and trav-
eling form:
Amgen =
1
πN
N X
j=1



 

π Z
−π
fj (λ)e−imλdλ



 

, (3)
where j is the day number, N is the total day quantity and
λ is the longitude. The monthly and 5-month averages were
obtained, which are presented in Sect. 4.
Then the amplitude Amst of the wave number stationary
part was found by averaging the daily longitudinal proﬁle
f(λ):
Amst =
1
πN



 

N X
j=1
π Z
−π
fj (λ)e−imλdλ



 

. (4)
The second procedure removes the anti-phase values of total
ozone and accumulates in-phase ones, giving the amplitude
Amst and phase λst of the stationary wave component (see
below in Sect. 5).
3 Zonal wave number 1–5 in 1996 and 2002
The variations of the daily zonal distributions of the total
ozone in each of the wave numbers 1–5 during August-
December were analyzed. The TOMS measurements for the
southern winter at 65◦ S are possible from late July; there-
fore, August is the only winter month which is suited for
the monthly data analysis. December was chosen as the last
month of the indicated time interval, because the wave ac-
tivity in total ozone, as it will be shown below, can be ob-
served at the latitude 65◦ S in early Antarctic summer. This
agrees with the long-term tendency in the change in the polar
stratospheric vortex duration. For example, during the last
decades the date of the ozone hole disappearance, which is
closely related to the breakdown of the polar vortex, shifted
from November in the 1980s, to early December in the 1990s
(Figs. 3–5 in WMO, 2003).
As examples, the years 1996 and 2002 are presented in
Figs. 2a–e, and f–j, respectively. It is well known that during
Antarctic spring 2002 the ﬁrst recorded major stratospheric
warming and splitting of the polar vortex in late September
was observed (Baldwin et al., 2003). The vortex develop-
ment in 2002 was very different from the preceding years
and the vortex of 1996 was chosen as a typical event. At the
latitude 65◦ S the maximum speed of the zonal mean zonal
wind in October 1996 exceeded 50m/s at 20hPa level (Hio
and Yoden, 2004), whereas in late August and early Septem-
ber 2002 the wind was ∼20–30m/s weaker than normal andA. Grytsai et al.: Planetary waves in total ozone 1567
abruptly weakened from 17 September (Allen et al., 2003;
Baldwin et al., 2003; the data for 60◦ S).
It is seen from Fig. 2 that the individual wave numbers
show the highest activity during September-November, al-
though a strong timing is not observed. Wave 1 exhibits a
quasi-stationary behaviour, which is observed in 1996 up to
early December (Fig. 2a). The latest interval of a wave ac-
tivity one can see in the middle of December 1996 from the
wave number 3 plot (Fig. 2c).
The eastward motion is seen as an increase in the east-
ern longitude of the wave ridges and troughs in time, which
becomes apparent in the slope of the color stripes in the time-
longitude plots in Fig. 2. The intervals of relative phase sta-
bility are sometimes observed. It is evident that each of the
wave numbers can be observed in a standing form.
A time evolution of the spectral components in 2002 is
very different (Figs. 2f–j; note the gap in the TOMS data
during 2–12 August 2002). Figure 3 presents the distinc-
tions between 1996 and 2002 as a change in periodicity
of the traveling components. Figure 3 shows the result of
wavelet-transform applied to the time-longitude distributions
presented in Fig. 2. We have selected the 150-day time series
of the wave number amplitude at the ﬁxed longitude. The se-
ries is an analogue of the single-point measurements which
give the 5-month time variations of the individual wave num-
ber.
As it is seen from Figs. 2b–e and g–j, the longitude can
be selected arbitrarily for each of the wave numbers 2–5 be-
cause of their regular zonal structure. Wave 1 has one lon-
gitudinal cycle with a deviated phase of the stationary com-
ponent. Since the time-longitude distribution in Figs. 2a,f
gives the superposition of the traveling and quasi-stationary
components of wave 1, a choice of longitude can correspond
only to the intensity time change but not to the periodicity.
We have selected the longitude of Vernadsky station 64◦ W
to analyze a periodicity in all of the wave numbers.
Figure 3 presents the changes in periodicity under condi-
tions of a strong and weak polar vortex of 1996 and 2002,
respectively, for the same spectral components as in Fig. 2.
The range of periods is truncated at 20 days.
The main distinction between the two years is the presence
of the quasi 7-day periods in wave 1–3 in 1996 (Figs. 3a-
c), which is not observed in these wave numbers in 2002
(Figs. 3f–h). Note that the 7-day periods in the wave num-
bers 1–3 during October 1996 have been considered by Hio
and Yoden (2004) in more detail with respect to wave-wave
interaction. Here we note the distinctive features in the char-
acteristic periods of the spectral components.
In comparison to 1996, the wave numbers 1–3 in 2002
have the longer 8–12-day periods (Figs. 3f–h). The tendency
of a systematic increase in the lower value of the wave 1 pe-
riod is observed. The period is changed from ∼7 days in
August to 12–15 days in September and up to ∼20 days in
early October.
The distinction in the wave 1–3 periods indicates different
zonal phase velocity in 1996 and 2002. The shorter peri-
ods in 1996 correspond to the higher zonal velocity, because
the wavelength is constant for each of the wave numbers at
the ﬁxed latitude circle. Similarly, the longer periods of the
wave numbers 1–3 in 2002 characterize the lower phase ve-
locity. In general, this agrees with the conditions of a strong
and weak polar vortex, i.e. stronger and weaker zonal wind
in 1996 and 2002, respectively. In the same way, an increase
in the wave 1 period during August-September 2002 can be
concerned with an intense deceleration of the zonal wind,
which took place beginning in the second half of August
(Baldwin et al., 2003).
A noticeable increase in the wave 1 period from 8 to 15
days during August-September (Fig. 3f) corresponds to the
phase velocity decrease from 24 to 13m/s (estimation was
madeforthelengthofwave1atthe65◦ Slatitude). Thewave
2 and 3 velocities are equal to 8–9 and 5–6m/s, respectively.
The 7-day periods in 1996 give the higher phase velocities of
27, 14 and 9m/s for waves 1–3, respectively.
The periods shorter than 7 days do not appear in waves
1–3 at all (Figs. 3a–c, f–h). But the periods in the range
of 4–7 days exist in wave numbers 4–5, both in 1996 and
2002 (Figs. 3d–e and i–j, respectively). In the event of
2002 wave 5 shows the 7-day oscillation during October-
November (Fig. 3j), whereas the polar vortex breakdown oc-
curred in late September. Obviously, the wave 4–5 activity
can exist independently of the polar vortex strength and du-
ration. At least this situation is observed in the two events of
1996 and 2002.
It should be noted that the periods at the level of ∼5 days
are absent in all analyzed years and the 7–20-day periods are
predominant. As it is evident from spectral comparisons by
Lawrence and Jarvis (2001) made for the Antarctic station
Halley (76◦ S, 26◦ W) the 5-day periods in August are not
observed and the 12–20 day periods are the most intense.
This result is obtained for the 30-km level in the stratosphere
for 1996.
More detailed quantitative analysis is necessary to deter-
mine the interrelation between the individual wave number
periodicity changes and polar vortex parameters. In this pa-
per we focus further on the amplitude variations of the zonal
wave numbers 1–5.
4 Variability of the amplitude of wave numbers 1–5
The interannual variations of the monthly mean amplitude of
waves 1–5 during 1979–2003 are shown in Figs. 4a–e. Each
of the months from August to December is presented on sep-
arate plots. On the right the interannual variations of the total
ozone zonal mean at 65◦ S are presented for the same month
sequence (Figs. 4f-j), to compare the relative contribution of
waves 1–5 to the total ozone variability. Some individual
features are peculiar to the development of wave 1–5 activity
during each of months.
Wave number 1 has the largest amplitude and increasing
trend in all of 5 months (Figs. 4a–e, black line). In August
the largest anomalies in the wave 1 amplitude relative to the
mean tendency are observed in 1988 and 2002 (wave am-1568 A. Grytsai et al.: Planetary waves in total ozone
Fig. 2. Time-longitude variations of the daily deviation from the zonal mean at 65◦ S for the wave numbers 1–5 during August-December
1996 (a-e) and 2002 (f-j).
Fig. 3. The periodicity variations of wave numbers 1–5 during August-December 1996 (a–e) and 2002 (f–j).
plitude of about 69 and 93 DU, respectively, see Fig. 4a).
In September the wave 1 peak in 1988 (112 DU) is some-
what higher than in 2002 (107 DU), and much higher relative
to the mean tendency (about 60 and 30 DU, respectively).
The quasi-biennial oscillations in the wave 1 amplitude are
clearly seen in September. In October wave 1 has the largest
amplitude with a peak value of 139 DU in 2000.
Wave number 2 shows some increasing trend in September
only (Fig. 4b, red line). The change in amplitude from month
to month is relatively small in the range of 20–40 DU, except
for December, with an average level of about 15 DU. Wave 2
is the closest to wave 1 in amplitude in August.
Wave number 3 has again a statistically signiﬁcant in-
crease of amplitude (at the 95% conﬁdence level) in Septem-
ber (Fig. 4b, blue line). During August-December its ampli-
tude varies at the level of 10–20 DU.
Wave numbers 4 and 5 with the amplitudes of about 5–
15 DU (Figs. 4a–e, green and yellow lines, respectively) haveA. Grytsai et al.: Planetary waves in total ozone 1569
Fig. 4. Interannual variations of the monthly mean amplitude of the wave numbers 1–5 for August-December (a–e) and zonal mean total
ozone at 65◦ S (f–j) for the same months. Colors are black (wave 1), red (wave 2), blue (wave 3), green (wave 4) and yellow (wave 5).
a statistically signiﬁcant level of 4–6% relative to the zonal
meanduringAugust-Octoberinthelate1990s−early2000s,
when the zonal mean values are the lowest (240–280 DU,
Figs. 4f–h). In early 1980s these wave numbers have a rel-
ative amplitude of 2–3%, which is close to the noise level,
when taking into account an error in the TOMS total ozone
data of 1–2% (WMO, 1999).
A tendency in the interannual variations of the total ozone
zonal mean at 65◦ S should be noted separately. It is seen
from Fig. 4 that the decreasing trend in August and Septem-
ber is observed up to the early 2000s (Figs. 4f–g) and it
ceases earlier and earlier: in the late 1990s in October
(Fig. 4h), and in early 1990s in November and December
(Figs. 4i–j). Obviously, this is an indication of a global
change in ozone dynamics. Similar tendencies, which allow
one to predict the future ozone layer recovery, are widely re-
ported and discussed in the last years (WMO, 2003; Fioletov,
2004; Randel, 2004).
It is interesting to compare the distinctions in the ampli-
tude trends for wave numbers 1–3. In Fig. 5 the results
for the three months are presented, namely for August (red),
September (blue) and October (black). Increasing trends in
the wave 1 amplitude (Fig. 5a) are 11, 14 and 15 DU/decade
in August, September and October, respectively.1570 A. Grytsai et al.: Planetary waves in total ozone
Table 1. The values of the monthly mean amplitude of the wave numbers 1–5 and zonal mean total ozone at 65◦ S (in Dobson Units),
averaged for 1979–2003.
August September October November December
Wave 1 30.9 62.7 94.3 61.5 20.6
Wave 2 22.1 38.8 42.4 30.5 13.2
Wave 3 11.4 16.7 21.3 18.3 9.5
Wave 4 9.4 10.2 13.6 11.9 7.1
Wave 5 7.6 7.8 9.0 8.9 5.5
Zonal mean 286.9 275.2 310.2 334.8 331.9
Number of values 23 24 23 24 22
Fig. 5. Comparison of long-term trends in amplitude of the wave
numbers 1–3 during August (red line), September (blue line) and
October (black line).
Statistically signiﬁcant trends of about 8 and 5 DU/decade
are observed in waves 2 and 3, respectively, in September
only (Figs. 5b and c, blue line). So, a distinguishing feature
of September is the clear tendency of an increasing long-
term trend of waves 2–3 amplitude, which is not observed
for these wave numbers in August and October.
Fig. 6. Monthly mean amplitude of the wave numbers 1–5 averaged
for the 1979–2003 period (a) and the interannual change of the 5-
month mean amplitude (b).
In Fig. 6a, the monthly mean amplitudes 1–5 averaged
through 1979–2003 are shown for each of the wave num-
bers. These values are also summarized in Table 1. The
nearly symmetric change in the wave 1 amplitude value rela-
tive to the peak value of 94 DU in October is seen. This value
is three times more than amplitude value in August. Note
that wave 1 has almost an equal amplitude in September and
November. Even in December the wave 1 activity exists at
the mean amplitude level of 20 DU. Higher wave numbers
do not exhibit the sharp change in the monthly means from
month to month.
Another summarizing result is given in Fig. 6b, where
the long-term change in the 5-month mean amplitude duringA. Grytsai et al.: Planetary waves in total ozone 1571
1979–2003 is shown. The most evident increase in the 5-
month mean amplitudes is observed for the wave numbers 1
and 2, but this tendency is not kept in the last years. The am-
plitudes averaged over 1979–2003 are 53.6, 29.9, 15.5, 10.5,
and 7.8 DU for the wave number sequence 1, 2, 3, 4 and 5,
respectively.
October’s peak in the wave 1 amplitude (Fig. 6a) displays
the nature of wave disturbance of total ozone in the vortex
edgeregion. Deformationofthestratosphericpolarvortexby
the planetary wave 1 results in a meridional displacement of
stratospheric air. Because the vortex edge prevents one from
mixingthemid-latitudeandpolarairmassesduringAntarctic
winterandspring(Leeatal., 2001), wavedeformationresults
in a displacement of the midlatitudinal ozone rich air, which
accumulates outside the polar vortex, toward the pole and
low ozone polar air toward the equator. In particular, this
process is seen well visually from the time sequences of the
TOMS total ozone ﬁelds (TOMS, 2004b).
An effect of such meridional air displacements in the op-
posite directions is that the low and high ozone air which
originated from different latitudinal bands appears at the lati-
tudecircleof65◦ S.Thisformsthewaveddistributionoftotal
ozone along the circle of 65◦ S, which displays the charac-
ter and degree of vortex edge deformation: the more merid-
ional displacement in wave structure, the more contrast in
total ozone at the ﬁxed latitude circle in this region. To-
tal wave numbers contribute to a deformation of the vortex
edge, but wave 1 is predominant. As it was shown in Grytsai
et al. (2005), the long-term negative trends in the values of
the quasi-stationary minimum and maximum in total ozone
at 65◦ S (by zonal distribution of the total wave numbers) are
in agreement with the mean total ozone trends observed in
the adjusted latitude bands.
The lowest total ozone and largest negative trend over
Antarctica that are observed in October (WMO, 2003)
can explain October’s maximum of the wave 1 amplitude
(Fig. 6a, and Table 1), as well as its highest increasing trends
indicated above. The vortex edge deformation and air dis-
placement across the latitudinal circle, which arises from the
zonal wave numbers 2 and 3, has the relatively smaller spa-
tial scale. The stratospheric air mass, which forms the zonal
distribution of the total ozone by waves 2 and 3, is limited
by the narrower latitudinal band in the vortex edge region.
Then the meridional difference in the mean ozone loss and
negative trend is smaller than in the wave 1 case. It is possi-
ble that this circumstance has an effect in the relatively lower
amplitude and trend for waves 2–3 (Figs. 4a–e). The largest
trend in the amplitude for waves 2–3 is observed in Septem-
ber (Figs. 5b–c), which can be concerned with a minimum
value of the zonal mean at 65◦ S just in September (see Ta-
ble 1).
Then the long-term change in the wave number ampli-
tude in the southern vortex edge region is substantially deter-
mined by the ozone loss in the polar stratosphere and increas-
ing contrast between the total ozone at the polar and equa-
torial side of the vortex edge. The quasi-columnar merid-
ional displacement of air in the lower stratosphere (Salby and
Callaghan, 1993), caused by the planetary wave deformation
of the polar vortex, obviously gives a main contribution to
the observed variations of the zonal wave number amplitude.
5 Stationary component
From the averaging procedure Eq. (4) the 5-month mean lon-
gitudinal distributions of total ozone are obtained. Figure 7
shows 23 curves (1979–2003) for each of the wave numbers
1–5 in order to present a degree of the interannual variabil-
ity of the stationary component amplitude Amst and phase
λst. It is shown that wave number 1 is inherent in the most
stable longitudinal distribution of the total ozone (Fig. 7a).
The wave numbers 2 and 4 also show some indications of
the long-term phase stability (Figs. 7b and d). The stationary
components of the wave numbers 3 and 5 are very change-
able in amplitude and phase from year to year (Figs. 7c and
e), but wave 4 exhibits enough stable longitudinal distribu-
tion, although at the low amplitude level. The interannual
variations of the 5-month average amplitude Amst are pre-
sented separately in Fig. 8.
Finally, the average amplitude Amst and Amgen for the
1979–2003 period can be compared (Fig. 9). Each of the
wave numbers 1–5 shows the presence of the stationary com-
ponent, and it is predominant in the wave 1 behavior. For the
waves 2 to 5 the traveling form is predominant. The 23-year
average zonal distribution gives the amplitude sequence of
38.3, 4.8, 1.8, 1.2 and 0.7 DU for the stationary components
of the wave numbers 1 to 5, respectively.
It is seen that the wave 2 contribution to the long-term sta-
tionary distribution of total ozone is eight times less than the
contribution of wave 1. This is close to the value of ∼1:6 ob-
tained for the Southern Hemisphere October from the TOMS
data of 1979–1986 in Wirth (1993).
The amplitudes Amst of waves 2–5 at the level of 1–5 DU
do not noticeably inﬂuence the stationary ozone distribution
on the many years scale, although they can increase tem-
porarily on the monthly or weekly scale.
6 Conclusion
Planetary waves in the total ozone at the southern latitude
of 65◦ S have been analyzed in this work. The TOMS data
spectral analysis was made to study the behaviour of zonal
wave numbers 1-5 during August-December of 1979–2003.
The ﬁrst task was to establish whether the wave number pe-
riodicity plays a part in the stratospheric polar vortex devel-
opment. The activity of wave numbers 1–5 was considered
under the conditions of the strong (1996) and weak (2002)
vortex. The ﬁrst three spectral components exhibit a distinc-
tion in periodicity, with the lowest period of about 7 days in
1996, which is absent in 2002. Under conditions of the vor-
tex2002theperiodsof8–12dayspredominate. Thepresence
of a shorter period in 1996 in comparison with 2002 probably
corresponds to the distinction in the zonal wind velocity, i.e.
to the typically higher (lower) velocity in the strong (weak)1572 A. Grytsai et al.: Planetary waves in total ozone
Fig. 7. Interannual changes of the stationary component of the wave
numbers 1–5 (a–e). The August-December averaging of the daily
deviation from the zonal mean at 65◦ S was used. The period of
1979–2003 is presented.
Fig. 8. Interannual variations of the stationary component ampli-
tude Amst of the wave numbers 1–5 (the colors are the same as in
Fig. 6).
Fig.9. RelationshipbetweenthewavenumberamplitudeAmst (sta-
tionary) and Amgen (general), averaged for the 1979–2003 period.
vortex. A noticeable increase in the wave 1 period from 8 to
15 days during August-September (Fig. 3f) can also indicate
a deceleration of the zonal wind in the second half of August
(Baldwin et al., 2003). The two last spectral components are
observed in the range of periods 5–20 days, both in 1996 and
2002, i.e. regardless of vortex strength.
The second task of this work was to describe the monthly
and interannual variations of the amplitude of zonal wave
numbers 1–5. On a monthly scale the spectral components’
behaviour has individual features:
1. During August-December wave 1 has the largest ampli-
tude (up to 139 DU in October 2000) and an increasing
trend (up to 15 DU/decade for October 1979–2003);
2. The largest anomalies in the wave 1 amplitude relative
to the mean tendency is observed in 1988 and 2002 in
August (Fig. 4a);
3. The quasi-biennial oscillations in wave 1 amplitude are
clearly seen in September only (Fig. 4b);
4. In waves 2 and 3 the statistically signiﬁcant trends of
about 8 and 5 DU/decade, respectively, are observed in
September only (Figs. 5b and c);A. Grytsai et al.: Planetary waves in total ozone 1573
5. Wave numbers 4 and 5 show the monthly mean ampli-
tudes of about 5–15 DU, which can be estimated as sta-
tistically signiﬁcant (4–6% relative to the zonal mean)
duringAugust-Octoberinthelate1990s–early2000s; in
other time intervals they are close to the noise level due
to the higher level of zonal mean total ozone at 65◦ S;
6. The monthly mean amplitudes of wave 1 in August-
December, averaged on the 25-year time scale, is nearly
symmetric relative to the peak value of 94 DU in Octo-
ber. In December the wave 1 activity exists at the am-
plitude level of 20 DU. The higher wave numbers do
not show the sharp change in the monthly means from
month to month.
The long-term change in the 5-month mean amplitude
shows the most evident increase in amplitude for the wave
numbers 1 and 2, but this tendency is not kept in the last
years. The 5-month mean amplitudes averaged over 1979–
2003 are 53.6, 29.9, 15.5, 10.5, and 7.8 DU for the wave
number sequence 1, 2, 3, 4 and 5, respectively. For the sta-
tionary components the amplitudes are 38.3, 4.8, 1.8, 1.2,
0.7 DU, respectively. Thus, the wave 1 stationary component
and the traveling component of waves 2–5 are predominant.
The tendencies for a long-term change in the wave number
amplitude can be explained by taking into account the degree
of wave deformation of the polar vortex edge, net meridional
displacements of the lower stratosphere air, and the contrast
between total ozone on each side of the vortex edge (i.e. in
polar and middle latitudes), which is determined by the dif-
ference in the ozone loss and negative trends in these regions.
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